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(54) SEMICONDUCTOR LIGHT RECEIVING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a semiconductor light receiving 
element having a high response rate and a high photoelectric conversion 
efficiency owing to multiple reflection effect of light by decreasing the 
pin junction area sufficiently and forming a p-side electrode stably. 
SOLUTION: In a semiconductor light receiving element where a pin 
junction is formed on an n+-InP or semiinsulating InP substrate 1 1 and 
light impinges on the junction face, the pin junction for detecting the 
light is covered, on the periphery thereof, with a buried layer 1 5 of 
insulating semiconductor or insulating material and the electrode on the 
one conductivity type side of the pin junction, i.e., an electrode 
metal/reflective film 16, is formed to stretch over the buried layer 15 of 
insulating material across the area of the pin junction. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semi-conductor photo detector to which a pin junction is formed on a substrate, and the 
perimeter of said pin junction which performs photodetection is covered with an insulating ingredient in 
the semi-conductor photo detector which carries out incidence of the light to the plane of composition, 
and the electrode by the side of the 1 conductivity type of said pin junction is characterized by 
******jng on said insulating ingredient and coming to be formed exceeding the area of said pin junction. 
[Claim 2] In the semi-conductor photo detector which a pin junction is formed on a substrate and 
carries out incidence of the light to the plane of composition The perimeter of said pin junction which 
performs photodetection is covered with an insulating ingredient. The semi-conductor photo detector 
characterized by coming to curve in order that the light reflected with said electrode may make it easy 
to carry out incidence to the optical absorption layer contained during said pin junction, while the 
electrode by the side of the 1 conductivity type of said pin junction is jutted out and formed on said 
insulating ingredient exceeding the area of said pin junction. 

[Claim 3] In the semi-conductor photo detector which carries out incidence of the light from the micro 
lens which the pin junction was formed on the substrate and formed in the rear face of the substrate 
The perimeter of said pin junction which performs photodetection is covered with an insulating 
ingredient, and the electrode by the side of the 1 conductivity type of said pin junction is jutted out and 
formed on said insulating ingredient exceeding the area of said pin junction. And said micro lens is a 
semi-conductor photo detector characterized by coming to be covered by the reflective film which is 
made to carry out the multiple echo of the light reflected with said electrode suddenly [ both ] also in 
opening which carries out incidence of the light, and shuts it up. 

[Claim 4] A pin junction is formed on a substrate and a micro lens is formed in the rear face of the 
substrate. In the semi-conductor photo detector which carries out incidence of the light from said pin 
junction side formation side The perimeter of said pin junction which performs photodetection is 
covered with an insulating ingredient, and the electrode by the side of the 1 conductivity type of said pin 
junction is jutted out and formed on said insulating ingredient exceeding the area of said pin junction. 
And the semi-conductor photo detector characterized by the reflective film which is made to carry out 
the multiple echo of the light reflected with said electrode, and shuts it up covering the whole surface of 
said micro lens, and coming to be formed. 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to improvement in the dependability in the semi-conductor 
photo detector to which the ultra high-speed actuation more than 40 [GHz] is attained, and 
manufacture ease, and improvement in quantum efficiency. 
[0002] 

[Description of the Prior Art] The need of transmitting the information on a large quantity at high speed 
is imminent, as for the information transmission rate, more than 40 [GHz] is needed, and the pin 
photodiode is known for current and optical communication as a semi-conductor photo detector which 
can respond to it. 

[0003] Although many amelioration has been made in respect of high-speed operation, high quantum 
efficiency, the reduction in the dark current, etc., as for this pin photodiode, in addition to this, 
improvement in dependability or manufacture ease is needed. 

[0004] Although InGaAs is used as an optical absorption ingredient in order to detect the wavelength 
1.55 [mum] used by optical communication, and the light of 1.3 [mum] generally, more than 3 [mum] is 
required as die length (or thickness) of the Mitsuyuki line writing direction to think from the optical 
absorption multiplier of this ingredient, and carry out 100 [%] absorption of the light. 

[0005] Time amount is needed for carriers which light was absorbed by such optical absorption layer and 
generated, such as an electron and an electron hole, running the distance of 3 [mum], and the 
information transmission rate in that case is satisfactory when late as compared with the travel speed 
of a carrier, but since it will be influenced of the transit time of a carrier if it becomes the transmission 
speed more than 30 [GHz], transmission speed cannot be raised. 

[0006] In order to solve the problem, an optical absorption layer is made thin, the carrier transit time is 
shortened, but since light is fully unabsorbable in that case, implementation of high quantum efficiency is 
impossible. 

[0007] Moreover, although InGaAs is used for i layers and InP etc. is used for p layers and n layers in a 
pin junction, it is the electrostatic capacity Cpin of a component. If i layers are made thin, it will become 
large, and if load resistance is set to R, it will come to be influenced of the working speed limit decided 
by 1/(2piCpin xR). 

[0008] Therefore, in order to realize high-speed operation, while making an optical absorption layer thin, 
pin junction area must also be made small and must make electrostatic capacity of a photo detector 
small. 

[0009] then — while making an optical absorption layer thin — pin junction area — small — carrying out 

— and a plane of composition — abbreviation — incidence of the light is carried out from a vertical 
direction, the light which was not absorbed by the optical absorption layer is reflected with electrode 
metal, and invention which suppresses degradation of quantum efficiency by carrying out incidence to an 
optical absorption layer is made again. 

[0010] Drawing 8 is an important section cutting side elevation which expresses with electrode metal 
the photo detector for explaining the conventional example in which light is reflected, drawing — setting 

— 1 — n+ -InP substrate and 2 — an n+-InP layer and 3 — an HnGaAs optical absorption layer and 4 

— an n — InP layer and 5 — in - side metal film and 8, the passivation film and 9 show + lateral 
electrode, and, as for a p-InP field and 6, 10 shows [ + side metal film and 7 ] - lateral electrode, 



-3- 



respectively. 

[001 1] It is reflected in the metal layer 7 and the light which was not able to be absorbed in the optical 
absorption layer 3 among the light which carried out incidence goes into the optical absorption layer 3 
again so that clearly from drawing. 

[0012] The notation and this notation which are the important section cutting side elevation which 
expresses, and used the photo detector for explaining the conventional example in which light is 
reflected with electrode metal in drawing 8 shall express a part for the said division, or drawing 9 shall 
also have the same semantics. 

[0013] In this conventional example, although it is different from the conventional example looked at by 
drawing 8 R> 8 in that micro lens 1 A is formed in the optical plane of incidence in a substrate 1; that 
actuation is almost unchanging. 

[0014] Drawing 10 is an important section cutting side elevation showing the photo detector for 
explaining the conventional example to which the count of an echo of light was made to increase, and 
the notation and this notation which were used in drawing 8 and drawing 9 shall express a part for the 
said division, or shall have the same semantics. 

[0015] In this conventional example, reflective mirror 1B is formed near the core of micro lens 1A 
formed in the optical plane of incidence of a substrate 1, and the light which was not able to be 
absorbed in the optical absorption layer 3 among the light which carried out incidence is reflected in the 
metal layer 8. It is made to go into the optical absorption layer 3 again, and he reflects further the light 
which was not able to be absorbed in the optical absorption layer 3 among the reflected light by 
reflective mirror 1B, and is trying to put into the optical absorption layer 3. 

[0016] in addition — being alike — dramatically — width of face — optical waveguide is created so that 
incidence of the light can be carried out from the edge of a narrow pin junction, and although the photo 
detector to which incidence of the light is carried out from a direction parallel to a pin junction side 
using that optical waveguide is also known, since this kind of photo detector does not serve as 
advanced technology in this invention, detailed explanation is omitted. 

[0017] In order to realize the photo detector which carries out high-speed operation more than 40 
[GHz], considering said explained Prior art, it is important to make pin junction area small to a limit, while 
making thickness of i layers thin, and by the photo detector looked at by said explained drawing 8 
thru/or drawing 10 , it forms so that Zn may be diffused in an n — InP layer and a p-InP field may be 
embedded in it. 

[0018] In said structure, since the area of an i-InGaAs optical absorption layer does not become small 
even if it makes area of a p-InP field small and forms a very small pin junction, the electron and electron 
hole which were therefore generated by the light absorbed in i-InGaAs optical absorption layers other 
than the part which touched the p-InP field flow into the p side and n lateral electrode, respectively, and 
invite degradation of a speed of response. 

[0019] Then, the whole including an optical absorption layer, i.e., the technique which carries out mesa 
etching of the pin layer, and makes small area of an i-InGaAs optical absorption layer, is proposed. 
[0020] Drawing 1 1 is an important section cutting side elevation showing the photo detector for 
explaining the conventional example which carried out mesa etching of the pin layer, and the notation 
and this notation which were used in drawing 8 thru/or drawing 10 shall express a part for the said 
division, or shall have the same semantics. 

[0021] The photo detector looked at by drawing 1 1 has structure of the pin layer in the photo detector 
looked at by drawing 8 which carried out mesa etching, as especially an area of i layers becomes small, 
but when it is made such structure, if a plane-of-composition product is made small at extent effective 
in the stability of a mesa etching interface worsening, and the dark current becoming large 
extraordinarily, and raising a speed of response, formation of p lateral electrode becomes difficult and a 
mechanical strength will also deteriorate. 
[0022] 
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[Problem(s) to be Solved by the Invention] In this invention, as pin junction area is made small enough 
and p lateral electrode can be formed in stability, a speed of response is quick and it is going to realize a 
photo detector with the high photoelectric conversion efficiency which depends on the multiple echo 
effectiveness of light. 
[0023] 

[Means for Solving the Problem] In the semi-conductor photo detector which depends on this invention, 
it has been to bases to carry out flattening of the front face by embedding the mesa-ized pin junction 
using an insulating ingredient with a Prior art, although it is unchanging, and to prepare a proper place 
the reflective film at the point which is made to carry out epitaxial growth of the pin junction, and 
carries out mesa etching so that the pin junction area may become small. 

[0024] It depends on taking said means, and by the interface of the mesa-ized pin junction becoming 
stability, therefore the dark current not increasing, it can be easy to form the electrode of a large area, 
even if a plane-of-composition product is small, therefore it can be quick, and, moreover, therefore, can 
raise photoelectric conversion efficiency in the multiple echo effectiveness of light. [ of a speed of 
response ] 
[0025] 

[Embodiment of the Invention] Drawing 1 is an important section cutting side elevation showing the 
semi-conductor photo detector for explaining the gestalt 1 of the operation in this invention, drawing — 

setting — 11— n+ -InP — or — half the substrate which consists of insulating InP The 

embedding layer which n type layer and 13 become in a micro lens and 12, and p type layer and 15 
become [ 1 1 A ] from an insulating semi-conductor or an insulating material in an i-InGaAs optical 
absorption layer and 14, and 16 show the reflective [ electrode metal-cum-] film, and, as for 17, the 
reflective film and 17A show opening for optical incidence, respectively. 

[0026] In the photo detector looked at by drawing 1 , since the light which passes near the i-InGaAs 
optical absorption layer 1 3 among the light which carried out incidence through opening 1 7A to micro 
lens 11A is not absorbed, degradation of a speed of response is not produced, and the multiple echo of 
the light will be carried out in an operation of the reflective [ electrode metal-cum-] film 16 and the 
reflective film 17, and it will be absorbed by the i-InGaAs optical absorption layer 13 as illustrated. 
[0027] The light by which micro lens 1 1 A was covered by the reflective film 17 of a high reflection 
factor, and opening 17A for optical incidence was formed in the location of arbitration, and incidence 
was carried out from here will be in the condition of being shut up between the reflective [ electrode 
metal-cum-] film 16, and the reflective film 1 7 so that clearly from drawing. 

[0028] Since micro lens 1 1 A can be created and the diameter can create the thing of a maximum of 150 
[mum] extent now, the degree of freedom of the design is large, and in order to carry out incidence of 
the light to micro lens 1 1A, a diameter 50 [mum]-60[mum] can make circular opening 17A for optical 
incidence formed in the reflective film 17. 

[0029] Although it is lost when it is reflected by the reflective [ electrode metal-cum-] film 16 and the 
light by which incidence was carried out from opening 17for optical incidence A returns to the same 
place, it is reflected again and the light reflected toward the reflective film 1 7 can carry out incidence to 
the i-InGaAs optical absorption layer 13. 

[0030] With the gestalt of this operation, the thickness of a substrate 1 1 80 [mum]-250[mum], The 
diameter of electrode metal is designed for the diameter of a micro lens below 150 [mum] below 50 
[mum]. Since ohmic contact with a p type semiconductor is required, alloying processing is performed, a 
it top is covered by the reflective film, and the reflective [ electrode metal-cum-] film 16 is constituted 
from the mesa right above part by the whole. In addition, the reflective film is circular, and Ti/Au is 
vapor-deposited, it is formed, and a connection pad is actually formed further on the reflective 
[ electrode metal-cum-] film 16 as an object for connection with the exterior. 

[0031] Since the pin junction layer mesa-ized is embedded in the embedding layer 15 and the front face 
is flat, it is also easy to form the reflective [ electrode metal-cum-] film 16. Even if the reflective 
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[ electrode metal-cum-] film 16 makes it area and overflows p type layer 14 5 times to 6 or more times, 
there are few increments in capacity as compared with the case where continue the whole surface from 
the perimeter of p type layer 14 being an insulating material, and pin junction structure extends, and 
there is no degradation of a speed of response. Since the embedding layer 15 is insulation, there is no 
increment in the dark current and dependability improves. 

[0032] Although the light incidentally reflected by the metal film 7 also by the conventional semi- 
conductor photo detector explaining drawing 8 thru/or drawing 11 should go into the optical absorption 
layer 3 again, when the optical absorption layer 3 became thin, it emanates to the substrate 1 and micro 
lens 1A side, and incidence of this emitted light was not able to be again carried out to the optical 

absorption layer 3. (l , iL , 

[0033] Moreover, the rate of the light by which the ratio of the area of micro lens 1A and the area ot 
reflective mirror 1B is small, and incidence is therefore again carried out to the optical absorption layer 
3 with the structure of the conventional semi-conductor photo detector where drawing 10 was 
explained at reflective mirror 1B is small. Incidentally, in the case of the semi-conductor photo detector 
in this invention which explained drawing 1 , for example, since the reflective [ ** electrode metal-cum j 
film 16 can be formed also on the embedding layer 15, area can be taken widely, ** Area of the 
reflective film 1 7 can be enlarged to the same extent with the area of micro lens 1 1 A, ** the advantage 
which cannot be enjoyed by the conventional semi-conductor photo detector from points, like the count 
of the multiple echo of light increases and quantum efficiency improves mostly from the configuration of 
the aforementioned ** and ** — **** ~ be. 

[0034] In order to improve quantum efficiency, it is important to carry out a multiple echo so that light 
may pass an optical absorption layer repeatedly, and the structure which shuts up light must be 
prepared in it. 

[0035] Drawing 2 is an important section cutting side elevation showing the sem.-conductor photo ■ 
detector for explaining the gestalt 2 of the operation in this invention, and the notation and this notation 
which were used in drawing 1 shall express a part for the said division, or shall have the same semantics. 
[0036] In order to enlarge the locked-in effect of light and to make the optical absorpt.cn layer 13 
absorb light effectively by the small count of an echo in the gestalt 2 of operation, it is embedding in the 
mesa-ized pin junction layer upper part, and forming lobe 1 5A using a part of layer 1 5, the reflective 
[ electrode metal-cum-] film 16 is make into the shape of a concave surface, and the reflected light 
which depends on electrode metal is make the configuration by which direct incidence is carry out to 
the optical absorption layer 13. 

[0037] It is easy to design so that the focus in a lens operation of the reflective [ electrode metal-cum 
] film 16 which makes the shape of micro lens 1 1 A and a concave surface may be in the i-InGaAs 
optical absorption layer 13. 

[0038] Drawing 3 is an important section cutting side elevation showing the semi-conductor photo 
detector for explaining the gestalt 3 of the operation in this invention, and the notation and this notation 
which were used in drawing 1 and drawing 2 shall express a part for the said division, or shall have the 
same semantics. 

[0039] In the gestalt 3 of operation, it is made the structure which shuts up light in a well head by the 
reflective film 17 formed on electrode metal-cum-the reflecting mirror 16, and micro lens 1 1A, and 
incidence of the light is carried out from the reflective [ electrode metal-cum-] film 16 side, it is made 
to reflect by the reflective film 17 in micro lens 11 A and incidence of it is carried out to the optical 
absorption layer 1 3. In addition, opening for optical incidence is not formed in the wrap reflective film 1 7 
in micro lens 1 1 A. 

[0040] Drawing 4 is an important section cutting side elevation showing the sem.-conductor photo 
detector for explaining the gestalt 4 of the operation in this invention, and the notation and this notat.on 
which were used in drawing 1 thru/or drawing 3 shall express a part for the said division, or shall have 
the same semantics. 
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[0041] Although it has the gestalt 2 of the operation explaining drawing 2 , and similar structure with the 
gestalt 4 of operation, the reflective film 1 7 has composition which does not have opening for optical 
incidence like the reflective film in the gestalt 3 of the operation explaining drawing 3 , and, similarly 
incidence of the light is carried out from the reflective [ electrode metal-cum-] film 16 side. 
[0042] Therefore with the structure of said semi-conductor photo detector looked at by the gestalt of 
each explained operation, it is decided that optical coupling effectiveness will be the radius of curvature 
of the reflective film for the optical incidence approach and optical confinement, and it is not dependent 
on the thickness of an optical absorption layer with it. Therefore, the component of the high speed 
beyond quantum efficiency 70 [%] is realizable more than the response frequency 50 [GHz]. In addition, 
although the optical absorption time Tag which depends on reflecting multiply arises, since the rate of 
light is far large as compared with the travel speed of an electron or an electron hole, a problem does 
not arise. 

[0043] Drawing 5 thru/or drawing 7 are the important section cutting side elevations showing the semi- 
conductor photo detector in the process key point for explaining an example of a process which 
manufactures the semi-conductor photo detector in this invention, and it is explained hereafter, 
referring to drawings, such as this. 

[0044] the drawing 5 (A) reference (1) (metalorganic chemical vapourdeposition) MOCVD — it depends 

on applying law and the n+-InP layer 22, the i-InGaAs optical absorption layer 23. the p-InP layer 24, 

and the p-InGaAs cap layer 25 are grown up in order on the n+-InP substrate 21. 

[0045] The thickness of each semi-conductor layer is the n+-InP layer 22:1 [mum]-2[mum]. 

i-InGaAs optical absorption layer 23:0.5 [mum]-1[mum] 

p-InP layer 24:1 [mum]-2[mum] 

p-InGaAs cap layer 25:0.05 [mum]-0.1 [mum] 

It comes out. " - * : ■• !T " - 

[0046] drawing 5 (B) reference (2) CVD (chemical vapor deposition) — applying law — depending — the 
cap layer 25 top — thickness — 0.2[nm]- Si02 of 0.5 [nm] The film is formed. 

[0047] (3) The resist process in a lithography technique, and CF4 It depends on applying the dry etching 
method made into etching gas, and is Si02. The film is etched and the mask 26 for leaving the pin 
junction used as the photodetection section is formed in a core. 

[0048] (4) Depend on furthermore applying the dry etching method which sets etching gas to SiCI4+Ar, 
etch each semi-conductor layer from opening which a mask 26 has, and form slot 25A which reaches in 
a substrate 21 from the surface cap layer 25. 

[0049] It becomes the structure where the photodetection section which therefore becomes this 
process from a pin junction in a core was generated, and, as for the pin junction part which is the 
photodetection section, the round shape below a diameter 10 [mum] is made with the gestalt of this 
operation. 

[0050] the condition of having left the drawing 6 (A) reference (5) mask 26 — MOCVD — it depends on 
applying law, selective growth is performed, and the inside of slot 25A is fill uped with the embedding 
layer 27 which consists of an insulating semi-conductor or a high resistance semi-conductor. 
[0051] After removing the drawing 6 (B) reference (6) mask 26, it depends on applying metal vacuum 
deposition, and p lateral electrode metal film 28 which consists of AuZn is formed. 

[0052] (7) Form the insulator layer 29 which applies polyimide and carries out flattening of the front face, 
depend on applying a lithography technique and the dry etching method, and form opening in the 
insulator layer 29 of the part corresponding to p lateral electrode metal film 28. 

[0053] (8) Depend on applying plating and form the bump 30 who becomes p lateral electrode metal film 
28 from Au in opening of the insulator layer 29 which consists of polyimide. 

[0054] (9) Vapor-deposit Ti/Au on the bump 30 who consists of Au, on it, plate or vapor-deposit Sn and 
form the connection fusing agent 31 required for flip chip bonding. In addition, the connection fusing 
agent 31 and the Ti/Au layer in the bottom of it are jutted out and formed on the embedding layer 27. 
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[0055] The diameter of the connection fusing agent 31 and the Ti/Au layer in the bottom of it can be 
carried out to the diameter of the pin junction section which is the photodetection section as described 
above being abbreviation 10 [mum] more than 30 [mum]. 

[0056] Since it will become convex lens-like if it bakes with temperature 200 [**] extent after forming in 
the rear face of the drawing 7 reference (10) n+-InP substrate 21 the circular resist film which chose 
the necessary diameter If it continues until it performs Ar ion beam etching and the resist film is lost in 
etching, rotating the whole by using the resist film as a mask, micro lens 21 A which consists of a convex 
lens will be formed in the rear face of the n+-InP substrate 21. 

[0057] (11) Depend on applying a vacuum deposition method, vapor-deposit metals, such as aluminum or 

Au, and form the reflective film 32. In addition/ the reflective film which has opening of diameter 20 

[mum] extent in the suitable part corresponding to micro lens 21 A may be formed in this case. 
[0058] Although incidence of the light is carried out from a flip-chip-bonding side in the photo detector 
which is the above, and was made and completed, if permeability chooses a good thing to detection 
wavelength as a substrate which connects a photo detector in that case, anything will not have a 
problem. 

[0059] What is necessary is to impress + electrical potential difference to A and C of a graphic display, 
and just to impress - electrical potential difference to B, respectively, in order to operate this photo 
detector. 

[0060] If it is made such, since a reverse bias electrical potential difference will be impressed to the pin 
junction corresponding to B, and it can detect light and a forward bias electrical potential difference will 
be impressed to the pin junction corresponding to A and C, it acts as a mere lead wire. 
[0061] With the gestalt of said operation, although it is possible to substitute a half-insulation semi- 
conductor for this although n+-InP was used as a substrate ingredient, the n+-InP layer 22 without the 
lack part which depends the depth of slot 25A explaining drawing 5 (B) on a stop and etching even on 
the front face of the n+-InP layer 22 in that case will be used as a current path. 
[0062] In this invention, including the gestalt of said explained operation, it can carry out with many 
gestalten and it is hereafter illustrated as an additional remark. 

[0063] A pin junction is formed on a substrate (for example, n+- InP or half-insulation substrate 1 1 
which consists of InP). (Additional remark 1 ) In the semi-conductor photo detector which carries out 
incidence of the light to the plane of composition, the perimeter of said pin junction which performs 
photodetection is covered with an insulating ingredient (for example, embedding layer 1 5 which consists 
of an insulating semi-conductor or an insulating material). And the semi-conductor photo detector 
characterized by the electrode by the side of the 1 conductivity type of said pin junction (for example, 
reflective [ electrode metal-cum-] film 16) ******ing on said insulating ingredient, and coming to form it 
exceeding the area of said pin junction (seeing drawing 1 thru/or drawing 4 ). 

[0064] In the semi-conductor photo detector which a pin junction is formed on a substrate and carries 
out incidence of the light to the plane of composition (Additional remark 2) The perimeter of said pin 
junction which performs photodetection is covered with an insulating ingredient. While the electrode by 
the side of the 1 conductivity type of said pin junction is jutted out and formed on said insulating 
ingredient exceeding the area of said pin junction The semi-conductor photo detector characterized by 
coming to curve in order that the light reflected with said electrode may make it easy to carry out 
incidence to the optical absorption layer contained during said pin junction (seeing drawing 2 or drawing 
4 )• 

[0065] In the semi-conductor photo detector which carries out incidence of the light from the micro 
lens (for example, micro lens 1 1 A) which the pin junction was formed on the substrate and formed in the 
rear face of the substrate (for example, n+- InP or half-insulation substrate 1 1 which consists of InP) 
(Additional remark 3) The perimeter of said pin junction which performs photodetection is covered with 
an insulating ingredient, and the electrode by the side of the 1 conductivity type of said pin junction is 
jutted out and formed on said insulating ingredient exceeding the area of said pin junction. And said 
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micro lens is a semi-conductor photo detector characterized by coming to be covered by the reflective 
film (for example, reflective film 17) which is made to carry out the multiple echo of the light reflected 
with said electrode suddenly [ both ] also in opening (for example, opening 17A) which carries out 
incidence of the light, and shuts it up (seeing drawing 1 and drawing 2 ). 

[0066] A pin junction is formed on a substrate and a micro lens is formed in the rear face of the 
substrate. (Additional remark 4) In the semi-conductor photo detector which carries out incidence of 
the light from said pin junction side formation side The perimeter of said pin junction which performs 
photodetection is covered with an insulating ingredient, and the electrode by the side of the 1 
conductivity type of said pin junction is jutted out and formed on said insulating ingredient exceeding the 
area of said pin junctibhrAhd the semi-conductor photo detector characterized by the reflective film 
which is made to carry out the multiple echo of the light reflected with said electrode, and shuts it up 
covering the whole surface of said micro lens, and coming to be formed (seeing drawing 3 R> 3 or 
drawing 4 ). 
[0067] 

[Effect of the Invention] In the semi-conductor photo detector which depends on this invention, 
flattening of the front face is carried out by embedding the pin junction which is mesa-ized and performs 
photodetection using an insulating ingredient so that the area seen at the flat surface may become very 
small, as compared with the pin junction, the reflective [ electrode metal-cum-] film of a big area is 
formed, and the reflective film is prepared by the proper place. 

[0068] It depends on taking said configuration, and by becoming stability, therefore the dark current not 
increasing, the interface of the mesa-ized pin junction can be easy to form the electrode of a large area, 
even if a plane-of-composition product is small, therefore can be quick, and, moreover, therefore, can 
raise photoelectric conversion efficiency in the multiple echo effectiveness of light. [ of a speed of 
-response 1 «• . . ; * " 1S 
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3.In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an important section cutting side elevation showing the semi-conductor photo detector 
for explaining the gestalt 1 of the operation in this invention. 

[Drawing 2] It is an important section cutting side elevation showing the semi-conductor photo detector 
for explaining the gestalt 2 of the operation in this invention. 

[Drawing 3] It is an important section cutting side elevation showing the semi-conductor photo detector 
for explaining the gestalt 3 of the operation in this invention. 

[Drawing 4] It is an important section cutting side elevation showing the semi-conductor photo detector 
for explaining the gestalt 4 of the operation in this invention. 
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[Drawing 5] It is an important section cutting side elevation showing the semi-conductor photo detector 
in the process key point for explaining an example of a process which manufactures the semi-conductor 
photo detector in this invention. 

[Drawing 6] It is an important section cutting side elevation showing the semi-conductor photo detector 
in the process key point for explaining an example of a process which manufactures the semi-conductor 
photo detector in this invention. 

[Drawing 7] It is an important section cutting side elevation showing the semi-conductor photo detector 
in the process key point for explaining an example of a process which manufactures the semi-conductor 
photo detector in this invention. 

[Dra wi ng'8] It is the important section cutting side elevation which expresses with electrode-metal-the - 
photo detector for explaining the conventional example in which light is reflected. 

[Drawing 9] It is the important section cutting side elevation which expresses with electrode metal the 
photo detector for explaining the conventional example in which light is reflected. 

[Drawing 10] It is an important section cutting side elevation showing the photo detector for explaining 

the conventional example to which the count of an echo of light was made to increase. 

[Drawing 11] It is an important section cutting side elevation showing the photo detector for explaining 

the conventional example which carried out mesa etching of the pin layer. 

[Description of Notations] 

1 1 N+-InP — or — Half Substrate Which Consists of Insulating InP 

1 1 A Micro lens 

1 2 N Type Layer 

1 3 I-InGaAs Optical Absorption Layer 

14 P Type Layer 

15 Embedding Layer Which Consists of an Insulating Semi-conductor or an Insulating Material 

16 Reflective [ Electrode Metal-cum-] Film 

17 Reflective Film 

17A Opening for optical incidence 



[Translation done.] 
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